Androgen receptor (AR) is emerging as a novel prognostic biomarker in triple-negative breast cancer (TNBC), but the underlying mechanisms remain unknown. As accumulating evidence has shown that long non-coding RNAs (lncRNAs) regulate important cancer hallmarks, we hypothesised that AR-regulated lncRNAs might play roles in TNBC progression. Here, we performed experiments with or without DHT treatment in three TNBC cell lines, and we identified an AR negatively induced lncRNA (ARNILA), which correlated with poor progression-free survival (PFS) in TNBC patients and promoted epithelial−mesenchymal transition (EMT), invasion and metastasis in vitro and in vivo. Subsequently, we demonstrated that ARNILA functioned as a competing endogenous RNA (ceRNA) for miR-204 to facilitate expression of its target gene Sox4, which is known to induce EMT and contribute to breast cancer progression, thereby promoting EMT, invasion and metastasis of TNBC. Our findings not only provide new insights into the mechanisms of lncRNA in regulating AR but also suggest ARNILA as an alternative therapeutic target to suppress metastasis of TNBC patients.
Introduction
Triple-negative breast cancer (TNBC), characterised by a lack of the oestrogen receptor (ER), progesterone receptor (PR) expression and human epidermal growth factor receptor 2 (HER2) amplification, is the most aggressive subtype of tumours associated with poor clinical outcomes [1, 2] . Few effective prognostic markers and targeted approaches are currently available for TNBC. Recently, the oral poly (adenosine diphosphate-ribose) polymerase (PARP) inhibitor olaparib has shown promising antitumour activity in HER2-negative patients with a germline BRCA mutation [3] . BRCA germline mutations have a high prevalence in the TNBC subtype, and thus, olaparib represents the first targeted therapy in this type of cancer. There is an urgent need to develop more therapeutic targets and novel biomarkers to treat TNBC. Androgen receptor (AR), a nuclear receptor showing high structural, functional and topographic similarity to ER and PR, is commonly expressed in breast cancer and has increasingly been shown to be involved in tumour progression, recurrence and metabolic reprogramming [4] . High expression of AR was reported to correlate with prolonged survival of TNBC [5] [6] [7] . Nevertheless, the underlying mechanisms of AR in regulating tumour progression remain elusive.
Long non-coding RNAs (lncRNAs) are defined as the non-protein-coding transcripts greater than 200 nt in length [8] . LncRNAs were shown to have broad functional roles in regulating important cancer processes, including proliferation [9] , apoptosis [10] , metastasis [11] , and drug resistance [12] . A wide range of models have been proposed to explain Edited by RA Knight.
the precise mechanisms by which lncRNAs function [13] . These molecules can regulate transcription by serving as guides that recruit transcriptional co-regulators or chromatin-modifying enzymes to a specific DNA region [10] or form ribonucleoprotein complexes by acting as molecular scaffolds to bridge together regulatory proteins [14] . Additionally, lncRNAs may act as decoys that bind microRNAs (miRNAs) or proteins to control the functions of regulatory molecules [15] . Collectively, lncRNAs can function as tumour suppressors or oncogenes by altering these functions to promote or suppress tumour formation, progression and metastasis.
In this study, we aimed to identify the AR-related lncRNAs and investigated the contributions of these lncRNAs to invasion and epithelial−mesenchymal transition (EMT) of TNBC cells and their roles in TNBC metastasis. Here, we identified an AR negatively induced lncRNA (ARNILA) (Ensembl: ENST00000431557) in TNBC and found it was correlated with poor progressionfree survival (PFS). Further studies revealed its critical roles in invasion, EMT and metastasis. EMT is the first crucial step in metastasis formation; this process facilitates cancer cell motility and dissemination and promotes dedifferentiation, growth arrest, migration and invasion [16] . We found the ARNILA could sequester miR-204 by functioning as a competing endogenous RNA (ceRNA) to upregulate the miR-204-targeted gene Sox4. Sox4 was recently shown to be abnormally overexpressed in TNBC and correlated with this subtype. Additionally, this gene is considered to play a crucial role in breast cancer progression by orchestrating EMT [17, 18] . We demonstrated that Sox4 is responsible for ARNILA-mediated migration and EMT.
Results

Positive expression of AR is correlated with better prognosis in TNBC
Recently, preclinical and early clinical studies have shown that AR may be a prognostic marker in diagnostics and therapy. We first assessed the relationship between AR and PFS in TNBC in 88 TNBC samples. We found that higher expression of AR was significantly associated with a prolonged PFS (hazard ratio (HR), 0.12; 95% confidence interval (CI), 0.13−0.75; P = 0.011) (Fig. 1a) . We confirmed that positive AR expression was correlated with a significant improvement in relapse-free survival (RFS) (HR, 0.45; 95%CI, 0.35-0.59; P < 0.001) in 618 TNBC samples with the online tool Kaplan−Meier Plotter (http://www. kmplot.com/analysis/) [19] (Fig. 1b) . Moreover, our previous meta-analysis of nine retrospective studies that included 2463 TNBC patients revealed that higher AR expression was correlated with a prolonged PFS (HR, 0.70; 95%CI, 0.54−0.89; P = 0.005) [20] (Fig. 1c) . Moreover, we extracted the expression data for AR from The Cancer Genome Atlas (TCGA) database, which indicated that tumour tissues exhibited significantly decreased AR expression compared with paired normal tissues in 14 TNBC patients (P = 0.001) (Fig. 1d) . Identification of AR negatively induced lncRNA ARNILA Although AR shows potential prognostic value in TNBC, the mechanisms for this correlation remain unknown. Considering the emerging roles of lncRNAs in EMT, invasion and metastasis of breast cancer [21] [22] [23] [24] [25] , we hypothesised that AR-regulated lncRNAs play a role in TNBC progression. To identify AR-relevant lncRNAs in TNBC, we therefore determined the expression profiles of lncRNAs in three cell lines (MDA-MB-231, Hs578T, MDA-MB-436) treated with or without dihydrotestosterone (DHT). We identified 21 differentially expressed lncRNAs (15 upregulated and 6 downregulated) (fold change ≥2.0, P < 0.05) (Fig. 2a) . Further qRT-PCR analysis confirmed the high-throughput profiling results. The lncRNA ENST00000431557 was significantly decreased in DHTtreated cells compared to control cells (Fig. 2b) . Accordingly, we chose this uncharacterised lncRNA for further study and named it ARNILA (androgen receptor negatively induced lncRNA). Fluorescence in situ hybridisation (FISH) assays confirmed that ARNILA was primarily located in the cytoplasm of TNBC cells (Fig. 2c) and tissues (Fig. 2d, upper) . Notably, cytoplasmic ARNILA expression was significantly altered by DHT, suggesting that ARNILA could act as a ceRNA to absorb miRNAs. A negative correlation was found between AR and ARNILA expression in 88 TNBC cases (P = 0.003) (Fig. 2d) . Furthermore, high ARNILA expression was correlated with poor PFS (HR, 2.72; 95%CI, 1.26−5.70; P = 0.012) in TNBC (Fig. 2e) .
It has been reported that AR could serve as a transcriptional repressor by binding to the promoters of target genes [26] . Increased binding of AR to the promoter of ARNILA was observed by chromatin immunoprecipitation (ChIP) assays (Fig. 2f) . Two binding sites contain the sequence corresponding to the core motifs of the androgen response element, suggesting that AR may be a transcription factor that downregulates ARNILA. Rapid amplification of cDNA ends (RACE) assays showed that ARNILA is composed of two exons with a full length of 930nt located on chromosome 2 (Supplementary Figure S1) .
ARNILA functions as a ceRNA for miR-204 to facilitate Sox4 expression
To test the hypothesis that ARNILA could act as a ceRNA to regulate cancer progression, we first predicted the potential binding sites for 2588 human miRNAs [27] on ARNILA by miRanda [28] and next identified the TNBC survival-associated miRNAs by Kaplan−Meier Plotter [29] . The bioinformatics analysis revealed the top ten Lower: the correlation of ARNILA and AR expression in the 88 TNBC patients. e Correlation between ARNILA expression levels and PFS (log-rank test) in 88 TNBC patients. f Upper: The primer pair locations within the ANRILA promoter. Lower: ChIP assay of the enrichment of AR on ARNILA promoter in MDA-MB-231 and Hs578T cells. Positive and negative controls are indicated as input and IgG, respectively. The results are presented as the mean ± SD. *P < 0.05, **P < 0.01 survival-associated miRNAs that could bind to ARNILA according to the predicted max binding score (Fig. 3a) . From this analysis, miR-204 was shown to bind to ARNILA and also had a positive correlation with a prolonged overall survival (OS) in systemically untreated TNBC patients (HR, 0.31; 95%CI, 0.09−1.00; P = 0.045) (Fig. 3b) . Furthermore, Sox4, which is involved in EMT in advanced breast cancer [30] , emerged as a validated target of miR-204 [31] [32] [33] [34] . We then performed dual-luciferase reporter assays to confirm the regulatory relationships among ARNILA, miR-204 and Sox4. The luciferase activity of the ARNILA-3′ untranslated region (UTR)-Wt was significantly inhibited by transfection of miR-204 mimics, while ARNILA-3′ UTR-Mut (miR-204) did not show a response to miR-204 mimics (P < 0.05) (Fig. 3c) . The luciferase activity of Sox4-3'UTR-Wt cells, but not Sox4-3′UTR-Mut (miR-204) cells, was significantly inhibited by transfection with miR-204 mimics (P < 0.05) (Fig. 3d) . The luciferase reporter assays demonstrated direct interactions between miR-204 and ARNILA, and miR-204 and Sox4. Notably, the same binding sites shared by ARNILA and Sox4 on miR-204 indicate that ARNILA functions as a ceRNA for miR-204 to facilitate Sox4 expression. Furthermore, we found that miR-204 inhibitor strongly increased ARNILA levels compared with miR-NC, as shown by qRT-PCR (Supplementary Figure S2a) . A significant reduction of Sox4 protein in cells transfected with miR-204 mimics was demonstrated by western blot assays (Fig. 3e) . Conversely, miR-204 inhibitor transfection resulted in a strong increase in Sox4 protein level (Fig. 3f) . ARNILA knockdown decreased Sox4 protein expression, while ARNILA overexpression increased Sox4 protein expression (Supplementary Figure  S2b-c, Fig. 3g ). Notably, mutations in the miR-204-binding site on ARNILA abolished its regulatory effect on Sox4 (Fig. 3h) . Given the regulatory efficiency of ARNILA in Sox4, we hypothesised that ARNILA could also affect other miR-204 targets. Similarly, ARNILA knockdown decreased additional four miR-204 target proteins (BCL2, RAB22A, SIRT1, and FOXA1), while ARNILA overexpression increased the expression of these proteins (Supplementary Figure S3) . Although RUNX2 was also shown to be a validated targeted gene of miR-204, its expression was not altered by ARNILA knockdown or overexpression (Supplementary Figure S3 ). We hypothesised that ectopic expression or knockdown of ARNILA exerted a limited change of miR-204, which is insufficient to repress all target genes at the same time. Additionally, RUNX2 expression could be controlled by other regulatory mechanisms that overwhelmed the effect of the miR-204 alteration. Collectively, these data indicate that ARNILA might function as a molecular sponge of miR-204 to upregulate Sox4 expression.
Sox4 is inversely correlated with AR and predicts poor clinical outcome in TNBC
The lncRNA ARNILA was downregulated by AR, indicating that AR is upstream of Sox4 in the pathway. DHT significantly suppressed Sox4 protein level by activating AR in TNBC cells, whereas ARNILA overexpression abolished this suppressive effect (Fig. 4a) , indicating that AR negatively regulates Sox4 by inhibiting ARNILA. We analysed RNA-seq data of TCGA database by comparing the AR and Sox4 mRNA levels and found that Sox4 was inversely correlated with AR in 151 TNBC patients (P = 0.028) (Fig. 4b) . Moreover, the patients with high Sox4 expression showed a significantly reduced RFS compared with that of patients with low Sox4 expression in TNBC by Kaplan−Meier Plotter [29] (HR, 1.50; 95%CI, 1.16−1.93; P = 0.002) (Fig. 4c) . To further examine the correlation between AR and Sox4, we analysed the protein expression (Fig. 4d) . Sox4 expression was negatively correlated with AR expression (P = 0.045) (Fig. 4d) . Furthermore, Sox4 was correlated with poor PFS (HR, 2.34; 95%CI, 1.34_6.32; P = 0.008) (Fig. 4e) . Patients with different Sox4 and AR levels showed significant differences in PFS (P = 0.009), and notably, patients with high Sox4 and low AR exhibited a substantially shorter PFS than those with low Sox4 and high AR (HR, 0.00; 95%CI, 0.07 −0.57; P = 0.003) (Fig. 4f) . Taken together, these data serve as additional evidence confirming the regulation of Sox4 by ARNILA. Moreover, the findings indicate that AR has an impact on TNBC clinical outcome by negatively regulating Sox4.
ARNILA promotes migration, invasion and EMT in vitro
Sox4 has been shown to induce the EMT programme [17, 18] , and therefore, we hypothesised that ARNILA might also play a role in EMT. We knocked down ARNILA in MDA-MB-231 cells and overexpressed it in Hs578T cells to further investigate the functions of ARNILA in TNBC progression. ARNILA knockdown significantly decreased the migration of MDA-MB-231 cells, and ARNILA overexpression accelerated the speed of wound closure in Hs578T cells (Fig. 5a) . Moreover, silencing ARNILA inhibited invasion, while ectopic expression of ARNILA significantly enhanced invasion as shown by transwell invasion assays (Fig. 5b) . MDA-MB-231 cells transfected with a shARNILA plasmid showed significantly increased expression of the epithelial marker E-cadherin, along with a prominent decrease in the mesenchymal marker N-cadherin. Conversely, the gain-of-function study in Hs578T cells revealed that ARNILA overexpression reduced the epithelial marker E-cadherin, along with increased expression of the mesenchymal marker N-cadherin (Fig. 5c) . In summary, these data suggest that ARNILA is a positive regulator of migration, invasion and EMT in TNBC cells. 
Sox4 is responsible for ARNILA-mediated migration, invasion and EMT in vitro
We further investigated the mechanisms by which ARNILA promoted malignant processes. Given that ARNILA functions as a ceRNA to upregulate Sox4 expression, we performed functional rescue experiments to determine whether ARNILA promoted tumour progression in a Sox4-dependent manner. Plasmids with shNC (short hairpin RNA of normal control) or shARNILA were transfected into MDA-MB-231 cells that stably ectopically expressed Sox4 or the control, whereas Hs578T cells that stably ectopically expressed ARNILA or the control were transfected with shNC or shSox4 plasmids. Notably, restoration of Sox4 rescued the wound healing rate and invasive capacity in ARNILA-knockdown MDA-MB-231 cells, while Sox4 knockdown significantly abolished ARNILA-mediated migration and invasion in Hs578T cells (Fig. 6a, b) . Moreover, ARNILA knockdown failed to suppress the EMT programme when Sox4 was ectopically expressed in MDA-MB-231 cells, while ARNILA overexpression could not restore the EMT process when Sox4 was knocked down in Hs578T cells with regard to the alteration of EMT markers (Fig. 6c) . In contrast to ARNILA, miR-204 has a suppressive effect on migration and invasion, as anti-miR-204 significantly enhanced migration and invasion (Supplementary Figure S4) . Moreover, decreased miR-204 restored the ARNILA knockdown-mediated repression of migration and invasion (Supplementary Figure S4) . Taken together, our findings indicate that Sox4 is responsible for ARNILAmediated migration, invasion and EMT in TNBC cells.
ARNILA promotes breast cancer metastasis in vivo
In addition, we investigated the function of ARNILA in metastasis of breast cancer in vivo by injection of highly aggressive MDA-MB-231 cells that harboured shARNILA or shNC into the tail vein. As shown in Fig. 7a , PET/CT imaging revealed that injection of cells harbouring shNC resulted in lung and liver metastasis in BALB/c mice, whereas lung and liver metastases were significantly reduced in the mice injected with cells harbouring shARNILA. Histological examination confirmed the significantly reduced lung and liver metastases in the shARNILA group compared to the control group (lung, P = 0.013; liver, P = 0.050) (Fig. 7b, c) . These data suggest that ARNILA contributes to TNBC metastasis and that silencing of ARNILA inhibits lung and liver metastases in mouse transplant models.
Discussion
The clinical management of TNBC is challenging because of its relatively aggressive biological behaviour and the lack of effective therapeutic targets. AR has been reported to be expressed in a subset of TNBC patients and implicated in predicting clinical outcome. Emerging evidence has demonstrated that the AR signalling pathway functions in cancer processes. However, the underlying mechanisms by which AR functions in tumour progression as well as in predicting prognosis in TNBC remain unclear. In this study, we identified the lncRNA ARNILA, which was transcriptionally repressed by AR, and showed that it was a promising therapeutic target that was functionally required for invasion and metastasis of TNBC. ARNILA promoted EMT by competitively binding to miR-204, leading to the upregulation of Sox4. In AR-positive tumours, ARNILA was apparently suppressed by AR, resulting in the decreased adsorption of miR-204, thereby releasing miR-204 to inhibit Sox4 expression. Reciprocally, in ARnegative breast cancer, activated ARNILA promoted Sox4 expression by increasing the sequestration of miR-204 (Fig. 7d) . It has been reported that Sox4 is not only required but also sufficient for inducing EMT and metastatic spread in breast cancer [18] . Therefore, ARNILA was demonstrated to function in metastasis of breast cancer.
In recent years, the roles of lncRNA in human diseases such as cancer have attracted increased attention. In breast cancer, several lncRNAs have been shown to have prognostic value or even be therapeutic options for patients. Reduced expression of NKILA, an lncRNA induced by nuclear factor kB (NFkB), in response to inflammatory signalling, was linked to metastatic dissemination and poor prognosis in breast cancer [21] , suggesting that NKILA serves as a tumour suppressor. In contrast, overexpression of the lncRNA HOTAIR was highly predictive of poor metastasis-free survival or OS in early-stage surgically resected breast cancer. Enforced expression of HOTAIR increased the tumour invasiveness and metastasis of breast cancer cell lines [11] . Knockdown of MALAT1 led to slower tumour growth and reduced migration and metastasis in mouse mammary carcinoma model [35] , indicating that HOTAIR and MALAT1 are potential therapeutic targets for breast cancer. Herein, we identified an uncharacterised diagram of an ARNILA-based signalling circuit in TNBC. In ARpositive TNBC (left), AR significantly represses ARNILA by acting as a transcriptional repressor; hence, ARNILA's sponge-like function is weak here because of its low expression level, and miR-204 is released to inhibit Sox4. In AR-negative TNBC (right), miR-204 is mostly consumed by ARNILA due to the reduced repression by AR, and Sox4 is consequently expressed at high levels lncRNA, ARNILA, that was correlated with decreased PFS in TNBC patients. Silencing ARNILA effectively inhibited cancer migration, invasion and metastasis, whereas enforced ARNILA expression promoted tumour progression. Therefore, ARNILA is probably another reliable prognostic biomarker and therapeutic target of TNBC patients.
Several mechanisms illustrating the regulation of cancer cellular process by lncRNA have been proposed, and the cellular location of lncRNA is important to its biological function. Generally, cytoplasmic lncRNAs influence cellular signalling cascades and modulate mRNA stability or translation, whereas nuclear lncRNAs are responsible for RNA processing, transcriptional regulation and chromatin interactions [36] . Increasing evidence has shown that cytoplasmic lncRNAs can act as "RNA sponges" or ceRNAs to sequester miRNAs and thereby reduce their regulatory effect on target mRNAs [37] . For example, lncARSA promoted sunitinib resistance by acting as a ceRNA via competitively binding miR-34/miR-449 to regulate AXL and c-MET in RCC cells [15] . Additionally, HOTAIR could sponge miR-331-3p to facilitate HER2 expression in gastric cancer by functioning as a ceRNA [38] . In our study, we identified the subcellular localisation of ARNILA and found that ARNILA predominately resided in the cytoplasm; thus, ARNILA might function as a ceRNA in TNBC. Subsequent bioinformatics analysis revealed an miRNA response element (MRE) of miR-204 shared by ARNILA and Sox4, and luciferase assays demonstrated that ARNILA and Sox4 both contained functional miR-204 binding sites. A positive regulatory relationship between ARNILA and Sox4 was observed by western blot analyses. Moreover, ARNILA was demonstrated to alter the expression of other miR-204 targets, including BCL2, RAB22A, SIRT1, and FOXA1. These results suggested the molecular sponge-like effect of ARNILA in facilitating expression of Sox4. However, appropriate transcript copy numbers for miRNA and miRNA target site abundance might be required to exert the ceRNA function [39] . We performed the absolute qRT-PCR analysis to quantify the copy numbers of ARNILA and miR-204 in TNBC cells overexpressed ARNILA or the control. Comparable copy numbers of ARNILA and miR-204 were detected per cell in the control group, which is crucial for ceRNA−miRNA interaction. ARNILA overexpression significantly increased the copy numbers of ARNILA and decreased the copy numbers of miR-204 (Supplementary Figure S5) , which probably led the miRNA target derepression at the high threshold of added MREs [39] . Further quantitative analyses of ARNILA, miR-204 and transcriptome-wide miR-204 targets might be needed to further verify the ceRNA hypothesis. Notably, in addition to the cytoplasm, ARNILA could also be located in the nucleus of TNBC cells, indicating other possible regulatory mechanisms of ARNILA in cellular biological processes, which require further validation in future work.
In conclusion, our findings first showed that AR negatively regulated the lncRNA ARNILA and provided a comprehensive annotation of this lncRNA in TNBC. We demonstrated that ARNILA was correlated with poor clinical outcome by modulating migration, invasion, EMT and metastasis. Therefore, ARNILA can act not only as a prognostic biomarker but also as a therapeutic target for TNBC patients.
Materials and methods
Tissue samples
Tissue samples were collected from 88 TNBC patients in The First People's Hospital of Lianyungang and The First Affiliated Hospital of Wenzhou Medical University, China. Inclusion criteria were female, age of 18 years or older, no distant metastasis at the time of diagnosis, and no neoadjuvant chemotherapy.
Cell lines and culture
MDA-MB-231 and Hs578T cells were cultured in RPMI 1640 and DMEM medium (Gibco, USA), respectively, supplemented with 10% fetal bovine serum (FBS, Gibco) and 1% penicillin/streptomycin in a 37°C incubator with 5% CO 2 . MDA-MB-436 cells were cultured in L-15 medium (Gibco) supplemented with 10% FBS (Gibco) and 1% penicillin/streptomycin in a 37°C incubator without CO 2 . DHT (Sigma, USA) was dissolved in ethanol, and cells were treated with DHT at 100 nM for 24 h. The same concentration of ethanol was used as the negative control treatment in parallel to DHT treatment.
Plasmids and cell transfection
Plasmids were transfected into cells by Lipofectamine 2000 (Invitrogen, USA) according to the instructions. The plasmids pGpU6/GFP/Neo-ARNILA, pGpU6/GFP/Neo-Sox4, pEX-2 (pGCMV/MCS/IRES/EGFP/Neo)-ARNILA, pEX-2-Sox4, LV5 (LV5-EF1a-GFP/Puro)-Sox4, LV5 (LV5-EF1a-GFP/ Puro)-ARNILA and LV3 (pGLV-h1-GFP-Puro)-ARNILA were purchased from GenePharma (Shanghai, China). Sequences were as follows: shARNILA1: 5′-GGTGCAGT TGCTATGGCAATG-3′, shARNILA2: 5′-GAAGAGGCA TTCGGTGGATTC-3′, shARNILA3: 5′-GGAGTCAGCTG ATGGGTTACA-3′, shARNILA4: 5′-GCAATCGCACAAA GCAATTGT-3′; shSox4: 5′-TGGGCACATCAAGCGACC CAT-3′. The plasmid shARNILA3 was chosen for further study based on the silencing effect.
RNA extraction, reverse transcription, and real-time RT-PCR Total RNA was extracted by TRIzol reagent (Invitrogen) and reverse-transcribed with a PrimeScript™ RT reagent Kit with gDNA Eraser (Perfect Real Time) (TaKaRa, Japan). Primers were synthesised by Realgene (Nanjing, China) and include the following: forward ARNILA: 5′-AGGAGGCTGCAG-GATGTA-3′, reverse ARNILA: 5′-TATGGTTGGAGTC TTCTCCC-3′; forward GAPDH 5′-AGAAGGCTGGG GCTCATTTG-3′, reverse GAPDH 5′-AGGGGCCATCCA-CAGTCTTC-3′; forward miR-204-5p: 5′-TTCCCTTTGT CATCCTATGCCT-3′, reverse miR-204-5p: 5′-CCGACC GTTATATCGACATCTC-3′; forward U1: 5′-GGGAGA-TACCATGATCACGAAGGT-3′, reverse U1: 5′-CCA-CAAATTATGCAGTCGAGTTTCCC-3′. Real-time PCR reactions were conducted with SYBR Premix Ex Taq™ II (TaKaRa). GAPDH was used as the endogenous control.
Microarray analysis
LncRNA expression profiling was performed by an Arraystar Human LncRNA Microarray V3.0 platform (Agilent Technologies). Differentially expressed lncRNAs were identified by P value/false discovery rate filtering.
ChIP assay
ChIP assays were performed by a Pierce Agarose ChIP Kit (Thermo). Sequences of primers 1−10 used for ChIP are listed as follows. Forward (5′-3′): CCACAGTTAGCA-CAGGGAC, TCCCATTTTTTTTCCCCAATGGAAG, TG CACGGGCTGACTCCACAAA, GGCCATGTGCTTGCC GAC, ACCACTCCAATCACACACAC, GTTTTCTTAA AGAAAATCTTAAAACAAAC, CCCACCACAAGGAG CCCTCGAATTG, ACCCTTTGCGCAGAAGGCAACG, GACAGCTCAGTGGCTGGG, GAGTAGAAAATAAAA GGTCTGACCG; reverse (5′-3′): CAGTGAACCTCACC-TATTGAATAAACC, TTACCTCTGTTGCCCTGATTGC, CCAAGTCCACGTCCCTAGAAAG, GTGTATTTCTTTT CTAGTACTTGGTCTG, CAAAAACCCAACACCCTTC CC, ATCAGAACTAATCCAGAGTG, TTCACCAAGGA TGGAGAAAGGGAGACAGC, GTGCCAGCACCATTC CTGGTC, TTTGGGTTTTGTTTCTTGCTGTGACTG, AC ATGGGGGCAAACTGAGG.
RACE assay
RACE was conducted by using a SMARTer RACE cDNA Amplification Kit (Clontech, Palo Alto, CA). The primers used for the nested-PCR are listed as follows: 5′ RACEouter: 5′-CGTGTCCGGCATGTAACCCATCAG-3′, 5′ RACE-inner: 5′-GGGAATCCACCGAATGCCTCTTCA-3′; 3′ RACE-outer: 5′-AGATGTTGTCTCTGCAGCA-CAAGGTAGG-3′, 3′ RACE-inner: 5′-GGTGCAGTTGC-TATGGCAATGCCTACAG-3′.
Immunohistochemistry (IHC) and FISH
Tissue sections were deparaffinized and rehydrated, followed by antigen retrieval. For IHC, after primary anti-AR (ab198394, Abcam), anti-Sox4 (ab80261, Abcam) and secondary antibody incubation, the sections were incubated with diaminobenzidine (Sigma) and counterstained with haematoxylin (Sigma). For FISH, the probes of AR and ARNILA were synthesised by GenePharma (Shanghai, China).
Luciferase reporter assay
The wild-type or mutated sequences within the predicted binding sites of the 3′UTR sequence of ARNILA and Sox4 were synthesised, inserted into a luciferase reporter plasmid (GENE, Shanghai, China), and transfected into 293T cells. The luciferase activity was normalised to Renilla luciferase activity after 48 h of transfection.
Western blot
The primary antibodies used include anti-AR (ab108341, Abcam), anti-Sox4 (ab80261, Abcam), anti-E-cadherin (ab40772, Abcam), anti-N-cadherin (ab76011, Abcam), anti-BCL2 (ab32124, Abcam), anti-FOXA1 (ab170933, Abcam), anti-RAB22A (ab137093, Abcam), anti-SIRT1 (ab32441, Abcam), anti-RUNX2 (ab23981, Abcam) and anti-GAPDH (10494-1-AP, Proteintech, USA) antibodies. The secondary antibody was anti-rabbit IgG-HRP (ab6721, Abcam).
Migration and invasion assays
Cells were seeded in six-well plates and grown to 90% confluence, and then, a wound was scratched in the cell monolayer with a 200 μL sterile pipette tip. Cells were cultured in serum-free medium after removing floating cells with PBS. We photographed the edge of a scratch at time 0 and 24 h. Transwell chambers (Corning, USA) were coated with 10 μL of RPMI 1640 or DMEM-diluted Matrigel (BD Biosciences, USA), and cancer cells (2×10 4 ) cultured in serum-free medium (200 μL) were added to the upper chamber. The medium (800 μL) containing 10% FBS was added to the lower chamber. The cells in the upper side of the chamber were carefully removed with a cotton swab after 24 h incubation. The migrating cells were fixed with 100% methanol for 30 min and then stained with crystal violet for 10 min.
Tumour xenografts
Animal studies were performed with approval of the Jinling Hospital Animal Care and Use Committee. Female BALB/c nude mice aged 4 weeks were injected with MDA-MB-231 cells (1×10 7 ) with stable knockdown of control or ARNILA vectors via tail veins. 18 F-FDG PET/CT was performed at 8 weeks after tumour cell injection to monitor the lung and liver metastasis. After PET/CT imaging, all mice were sacrificed to harvest the lung and liver tissues for haematoxylin and eosin staining.
Statistical analysis
Statistical analysis was performed by SPSS (v21), and the figures were plotted by GraphPad Prism software (v6). Student t test and Fisher's exact t test were used to examine statistical significance of differences between groups. P values less than 0.05 were considered statistically significant, and all analyses were two sided. Data are presented as the mean ± SD.
